ABSTRACT: Morphological characters used to differentiate North American bladder flukes, Gorgoderina spp., are problematic and different authors use different morphological characteristics for distinguishing species. More importantly, no type specimens exist for 4 of the 12 North American species infecting anuran and caudatan hosts. A redescription of Gorgoderina attenuata (Stafford, 1902 ) Stafford, 1905 is based on new collections from 6 species of anurans from Arkansas, Nebraska, New York, and Wisconsin. Morphological comparisons between gravid G. attenuata recovered from bullfrogs and northern leopard frogs indicated statistically significant differences in 11 of 28 morphological characters examined. However, there was overlap among all of these characters, and it is unclear whether these morphological types represent host-induced morphological changes in worm morphology or cryptic species. Based on our findings, we suggest that morphological and molecular data from G. attenuata-like worms recovered from the other 23 definitive hosts reported for G. attenuata need to be collected to resolve this issue.
There are more than 50 species of Gorgoderina Looss, 1902 amphibian bladder flukes found worldwide. Twelve species have been described from anuran and caudatan hosts from Canada and the United States (see Mata-López et al., 2005; MataLópez 2006) . Stafford (1902) described 3 species of Gorgodera Looss, 1899, now considered to be members of Gorgoderina: Gorgoderina attenuata (Stafford, 1902) Stafford, 1905 , G. opaca, (Stafford, 1902 Stafford, 1905, and G. translucida (Stafford, 1902) Stafford, 1905; Stafford (1902) also reported on G. simplex (Looss, 1899) Looss, 1902 and Gorgodera amplicava Looss 1899 from anurans assumed to be collected in Toronto, Canada. None of these specimens was deposited in any museum. To our knowledge, no type specimens exist for G. attenuata or the other Gorgoderina spp. described or reported on by Stafford (1902) in the Harold W. Manter Laboratory (HWML) of Parasitology or the U.S. National Parasite Collection, and it is assumed that the types for these 4 North American species of Gorgoderina, including G. attenuata, have been lost or destroyed. Of the 4 species of Gorgoderina reported by Stafford (1902) , G. attenuata is the most commonly reported bladder fluke in North and Central American anurans and caudatans and it has been reported from 24 amphibian and reptilian hosts (see Brooks, 1976; Mata-López et al., 2002; Bolek and Coggins, 2003; Mata-López and León-Règagnon, 2006; Bolek et al., 2009) . Stafford (1902) described G. attenuata from the green frog Rana virescens, which is currently a junior synonym of the southern leopard frog Rana sphenocephala Cope 1886. The range of the southern leopard frog does not extend into Canada and it is not clear what species of frog Stafford (1902) was dealing with (Lannoo, 2005) . However, R. virescens has also been used as a synonym for the northern leopard frog Rana pipiens Schreber, 1782 (see Frost et al., 2006) in the older literature, and it is assumed that Stafford's G. attenuata was described from the northern leopard frog that occurs in Canada (see Brooks, 1976) . From Stafford's description, the type of locality for G. attenuata is also unclear. Stafford (1902) indicated that he collected G. translucida from Bufo lentiginosus (a junior synonym for Bufo americanus LeConte in Cuvier, 1831) and R. virescens, and gives Ashbridges Bay, Toronto, as the location for his collection of B. lentiginosus, but he provides no other localities for any of the other anurans that he examined. More problematic is the fact that Stafford's description of G. attenuata and the other 3 species of Gorgoderina are very poor and most morphological characters are omitted.
Due to Stafford's (1902) poor descriptions, morphological characters used to identify G. attenuata from the other 11 North American Gorgoderina spp. are problematic because different authors use different morphological characteristics in distinguishing among species (see Stafford, 1902; Cort, 1912; Olsen, 1937; Goodchild, 1950; Brooks, 1976; Mata-López et al., 2005) . The defining characters in distinguishing G. attenuata from most other North American Gorgoderina spp. are the attenuated body and the large acetabulum diameter reported as the oral sucker to acetabulum ratio (OS). However, depending on the author, reports of this ratio differ from 1:2.1 to as large as 1:2.85-3.0 (Stafford, 1902; Cort, 1912; Olsen, 1937; Goodchild, 1950; Brooks, 1976; Mata-López et al., 2005) . Finally, recent studies on the life cycle of G. attenuata by Bolek et al. (2009) (Rankin, 1939) . These data suggest that G. attenuata from different hosts may represent distinct populations, or cryptic species. Taken together, Stafford's (1902) poor description, the questionable identity of the type host, and the lack of a type locality for G. attenuata, along with the discovery of life cycle variation by Bolek et al. (2009) warrant the redescription of G. attenuata. In this paper, we address these issues by (1) redescribing G. attenuata from 6 species of anurans from specimens collected from a variety of locations in North America and designating a neotype specimen of this species; and (2) comparing the morphology of G. attenuata-like worms that vary in their recruitment in northern leopard frogs and bullfrogs in Nebraska (Bolek et al., 2009 ). 
MATERIALS AND METHODS
Worms used for morphological analysis were collected from a number of frog and toad species and locations during 1996-2007 in Arkansas, Nebraska, New York, and Wisconsin. (See Bolek et al., 2009 , for data on population structure among different anuran species.) These included 2 worms recovered from a southern leopard frog (Rana sphenocephalas) collected from a pond in Washington County, Arkansas (35Њ46.979Ј, Ϫ94Њ14.687Ј); 8 worms from northern leopard frogs (Rana pipiens), 1 worm from bullfrogs (R. catesbeiana), and 1 worm from Woodhouse's toads (Bufo woodhousii, Girard 1854), all from Cedar Creek, Keith County, Nebraska (41Њ11.194Ј, Ϫ101Њ21.820Ј); 9 worms from bullfrogs from Breen's Flyway, Keith County, Nebraska (41Њ10.914Ј, Ϫ101Њ21.654Ј); 8 worms from bullfrogs from Elk Creek, Lancaster County, Nebraska (40Њ53.145Ј, Ϫ96Њ50.048Ј); 1 worm from a plains leopard frog (Rana blairi, Mecham, Littlejohn, Oldham, Brown, and Brown, 1973) from Pawnee Lake, Lancaster County, Nebraska (40Њ51.589Ј, Ϫ96Њ53.468Ј); 1 worm from a green frog (Rana clamitans) from Queechy Lake, Columbia County, New York (42Њ24.269Ј, Ϫ73Њ25.627Ј); and 2 worms from northern leopard frogs from Brookfield, Waukesha County, Wisconsin (43Њ04.082Ј, Ϫ88Њ04.973Ј). All worms that were used for the redescription were removed from the urinary bladders of anurans, relaxed in tap water, and fixed in alcoholformalin-acetic acid. Worms were stained with acetocarmine, dehydrated in a graded ethanol series, cleared in xylene, and mounted in Canada balsam. Additionally, to obtain a better geographical representation of G. attenuata, voucher specimens were borrowed from the HWML, University of Nebraska State Museum. Because not all worms borrowed from the HWML could be identified as G. attenuata, we only included 10 worms from a northern leopard frog from Nebraska (HWML 20123), 2 worms from a bullfrog from Nebraska (HWML 20121), and 1 worm from a green frog from Wisconsin (HWML 21344). Based on recent and past Gorgoderina spp. descriptions and redescriptions by Brooks (1976) and Mata-López et al. (2005) , the following characters were in the descriptions: (1) body shape, length, and width; (2) forebody length and width at cecal bifurcation; (3) hindbody length and width at anterior testis; (4) oral sucker location, length, and width; (5) esophagus length and width; (6) acetabulum length and width; (7) oral sucker/acetabulum length and width ratio (OS/AC); (8) body width to acetabulum width ratio; (9) cecal length from posterior extremity; (10) testes morphology, location, and length and width; (11) seminal vesicle shape, position, and location; (12) genital pore location; (13) ovary morphology and location; (14) vitellaria number and location; (15) uterine loop distribution; and (16) egg length and width.
Student's 2-tailed t-test was used to compare morphological characteristics between G. attenuata collected from bullfrogs and northern leopard frogs. An approximate t' s -test was calculated when variances were heteroscedastic (Sokal and Rohlf, 1981) . A drawing of a gravid worm from the bladder of a northern leopard frog was done with the aid of a camera lucida. In the redescription, ranges are presented, followed by means in parentheses. Brooks, 1976; Bolek and Coggins, 2003; ParedesCalderón et al., 2004; King et al., 2008; Bolek et al., 2009) .
REDESCRIPTION

Taxonomic summary
Neotype: Deposited at the HWML collection (HWML 49008), University of Nebraska State Museum, Lincoln, Nebraska; vouchers of G. attenuata from other anurans were deposited in the H.W. Manter Parasitology Collection, University of Nebraska, Lincoln, Nebraska (accession numbers HWML 48984-48998) by Bolek et al. (2009) .
Remarks
The few measurements presented by Stafford (1902) fall within the ranges presented in the redescription; all qualitative features (shape, position of the vitellaria, testes, and ovary) observed in the specimens used in this study were consistent with those articulated by Stafford (1902) . Of the 12 North American amphibian bladder flukes in the genus Gorgoderina, G. attenuata, along with G. tanneri Olsen, 1937, and G. aurora Ingles, 1936 , form a group of North American Gorgoderina spp. distinguished from the other members of the genus in that the acetabulum is approximately twice the length and width of the oral sucker. However, G. tanneri can be distinguished from G. attenuata by its regularly lobed vitellaria, with 3-6 lobes with a slender stem versus compact kidney-shaped lobed masses in G. attenuata. Gorgoderina aurora differs from G. attenuata by being longer (5.0-8.0 mm vs. 1.3-5.0 mm) and wider (0.65 mm vs. 0.40 mm) and having a wider acetabulum (0.65 mm vs. 0.60 mm).
Morphological comparisons between gravid G. attenuata recovered from bullfrogs and northern leopard frogs are presented in Table I . Statistically significant differences between worms from bullfrogs and northern leopard frogs existed in body width, forebody length and width, hindbody width, oral sucker length and width, OS/AC width ratio, body width to acetabulum ratio, ovary width, posterior testis width, and seminal vesicle length. Although the differences were significant, there was overlap in the size range of all of these characters. Stafford (1902) based his original description of G. attenuata on worms recovered from R. virescens (ϭ R. pipiens?) and indicated (but did not provide any measurements) that worms recovered from R. catesbeiana were similar to, but morphologically different from, worms recovered from R. virescens. Stafford (1902) , Cort (1912) , and Goodchild (1950) all indicated that G. attenuata recovered from bullfrogs were smaller and differed in the morphology of their testes when compared with worms from northern leopard frogs. Additionally, Goodchild (1950) and Bolek et al. (2009) indicated that gravid G. attenuata recovered from bullfrogs and northern leopard frogs differ in their location in the host (urinary bladder in northern leopard frogs and urinary bladder and kidneys in bullfrogs). Currently, it is unclear whether G. attenuata-like worms recovered from bullfrogs and the 22 other hosts reported for this species are morphologically different from worms recovered from northern leopard frogs due to host-induced morphological variability, represent distinct populations, or are cryptic species. Recent life cycle studies on G. attenuata in northern leopard frogs, Woodhouse's toads, and bullfrogs in Nebraska by Bolek et al. (2009) indicate that the life cycle strategies of G. attenuata in bullfrogs differ compared with the strategies of G. attenuata worms in northern leopard frogs and Woodhouse's toads, as well as from the original life cycle description of this species in green frogs and eastern newts by Rankin (1939) . Based on our morphological study and life cycle studies by Bolek et al. (2009) , we suggest that morphological and molecular data from multiple genes from G. attenuata-like worms collected from bullfrogs and different populations of the 22 other species of definitive hosts will be necessary to resolve this issue.
DISCUSSION
